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$G_{\xi}(z)=\exp[-(1+\xi z)^{-1/\xi}]$ , $1+\xi z>0(\xi\in \mathrm{R})$ , (2.1)
. $G_{\xi}$ , $\xi<0$ Weibull , $\xi=0$ Go(z)=lim\mbox{\boldmath $\xi$}\rightarrow o $G\xi(z)=$





$\mathrm{Y}_{n}$ $\mathrm{Y}_{1:n}\geq \mathrm{Y}_{2:n}\geq\cdots\geq \mathrm{Y}_{n:n}$ ,
$F$ GEV $G_{\xi}$ $(F\in D(G_{\xi}))$ : $a_{n}>0$ ,
$b_{n}\in \mathrm{R},$ $n=1,2,$ $\ldots$ ,
$\lim_{narrow\infty}P(.\frac{\mathrm{Y}_{1.n}-b_{n}}{a_{n}}\leq z)=G_{\xi}(z)$ , $\forall z\in \mathrm{R}$ .
, $r$
$P(. \frac{\mathrm{Y}_{1.n}-b_{n}}{a_{n}}\leq z_{1},\cdot\frac{\mathrm{Y}_{2.n}-b_{n}}{a_{n}}\leq z_{2},$ $\cdots,\cdot\frac{\mathrm{Y}_{r\cdot n}-b_{n}}{a_{n}}\leq z_{r})$ , $z_{1}\geq z_{2}\geq\cdots\geq z_{r}$
$g_{\xi,12\cdots r}(z_{1}, z_{2}, \ldots, z_{r})=\frac{g_{\xi}(z_{1})\cdots g_{\xi}(z_{r-1})}{G_{\xi}(z_{1})\cdots G_{\xi}(z_{r-1})}g_{\xi}(z_{r})$ , $g_{\xi}(z)=dG_{\xi}(z)/dz$ , (2.2)
$G_{\xi,12\cdots r}$ .
$G_{\xi,12\cdots r}$ $(Z_{1}, Z_{2}, \ldots, Z_{r})$ . , $Z_{j},$ $j\geq 1$
, $G_{\xi,j}$ , $r$ ,
$G_{\xi,j}(z)=\{$
$\sum_{k=0}^{j-1}(1+\xi z)^{-k/\xi}\exp\{-(1+\xi z)^{-1/\xi}\}/k!$ , $\xi\neq 0$ ,
$j-1 \sum\exp(-kz-e^{-z})/k!$ , $\xi=0$ ,
$k=0$
(2.3)
, , $g_{\xi,j}$ ,
$g_{\xi,j}(z)=\{$
$(1+\xi z)^{-j/\xi-1}\exp\{-(1+\xi z)^{-1/\xi}\}/\Gamma(j)$ , $\xi\neq 0$ ,
$\exp(-jz-e^{-z})/\Gamma(j)$ , $\xi=0$ ,
(2.4)
.
1. $(Z_{1}, Z_{2}, \ldots, Z_{r})$ . $E_{1},$ $E_{2},$ $\ldots$ $(\mathrm{E}\mathrm{x}\mathrm{p}(1))$
, $S_{j}= \sum_{k=1}^{j}E_{k}$ .
(A) GEV $(\xi\neq 0)$ :
1) $E_{\xi}(Z_{j})$ $=(\Gamma(j-\xi)-\Gamma(j))/(\xi\Gamma(j)),$ $1_{\xi}(Z_{j})$ $=(\Gamma(j-2\xi)\Gamma(j)-\Gamma^{2}(j-\xi))/(\xi^{2}\Gamma^{2}(j))$ .
2) $\mathrm{C}\mathrm{o}\mathrm{r}_{\xi}(Z_{j}, Z_{j+1})=\frac{1}{j-\xi}\sqrt\frac{\Gamma(j+1-2\xi)\Gamma(j+1)-\Gamma^{2}(j+1-\xi)}{\Gamma(j-2\xi)\Gamma(j)-\Gamma^{2}(j-\xi)}$.
3) $\{Zj, j\geq 1\}=d\{(S_{j}^{-\xi}-1)/\xi, j\geq 1\}$ .
(B) Gumbel $(\xi=0)$ :
1) $E_{0}(Z_{j})=-\psi(j),$ $V_{0}(Z_{j})=\psi’(j)$ .
2) $\mathrm{C}\mathrm{o}\mathrm{r}_{0}(Z_{j}, Z_{j+1})=\sqrt{\psi’(j+1)\psi’(j)}$.
3) $\{Z_{j}, j\geq 1\}=\{-\log S_{j}d, j\geq 1\}$ .
, $\Gamma$ , $\psi$ . , $\psi’$ .
1. ( ) (A) $\xiarrow 0$ (B) .
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2. (A) 3), (B) 3) Nagaraja (1982), (B) 1) Weissman (1978) .
3. , . . ,
$\psi(n)=-\gamma+\sum_{i=1}^{n-1}\frac{1}{i}$ , $\psi’(n)=\frac{\pi^{2}}{6}-\sum_{i=1}^{n-1}\frac{1}{i^{2}}$ , $n=1,2,$ $\ldots$
. , $\gamma=0.57721566\ldots$ Euler .
4. Coro $(Zj, Zj+1)\#\mathrm{h}j$ 1 . , Coro $(Z_{1}, Z_{2})=$
0.626, $\mathrm{C}\mathrm{o}\mathrm{r}_{0}(Z_{2}, Z_{3})=0.783$ , $\mathrm{C}\mathrm{o}\mathrm{r}_{0}(Z_{3}, Z_{4})=0.848$ .
5. (B) 3) , Gumbel
$j(Z_{j}-Z_{j+1})=j \log\frac{S_{j+1}}{S_{j}}$ , $j=1,2,3,$ $\ldots$ (2.5)
$\mathrm{E}\mathrm{x}\mathrm{p}(1)$ (Weissman, 1978) $\cdot$ , GEV $(\xi\neq 0)$
$\frac{j}{\xi}\log\frac{1+\xi Z_{j}}{1+\xi Z_{j+1}}$ , $j=1,2,3,$ $\ldots$ (2.6)
$\mathrm{E}\mathrm{x}\mathrm{p}(1)$ (Tawn, 1988).
6. $\xi$ Pareto ,
$P(y)=1-(1+\xi y)^{-1/\xi}$ , $1+\xi y>0$ ,
( $\xi\geq 0$ $y>0,$ $\xi<0$ $0<y<-1/\xi$ ) $n$
$\mathrm{Y}_{1:n}\geq \mathrm{Y}_{2:n}\geq\cdots\geq \mathrm{Y}_{n:n}$
,
$\mathrm{Y}_{j:n}=\frac{U_{n-j+1-n}^{-\xi}-1}{\xi}d$ , $j=1,2,$ $\ldots,$ $n$ ,
. , $1\geq U_{1:n}\geq U_{2:n}\geq\cdots\geq U_{n:n}\geq 0$ $\mathrm{U}(0,1)$ $n$
. $\mathrm{Y}_{j:n}$ (A) 3) $=d(S_{j}^{-\xi}-1)/\xi$ $(Z_{1}, Z_{2}, \ldots, Z_{r})$ $p$
$\xi$ Pareto $r$ (Tawn, 1988). , Gumbel
, $(Z_{1}, Z_{2}, \ldots, Z_{r})$ $r$ (Weissman,
1978).
1 , $\xi=-0.4,0,0.4$ $Z_{1},$ $Z_{2},$ $Z_{3}$ .
2, 3, 4 , $\xi=-0.4,0,0.4$ $(Z_{1}, Z_{2})$
$g_{\xi,12}(z_{1}, z_{2})=\{$
$(1+\xi z_{1})^{-1/\xi-1}(1+\xi z_{2})^{-1/\xi-1}\exp\{-(1+\xi z_{2})^{-1/\xi}\}$ , $\xi\neq 0$ ,
$\exp(-z_{1}-z_{2}-e^{-z_{2}})$ , $\xi=0$ ,
$z_{1}\geq z_{2}$ , .
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Weibull Model GumbeI ModeI





1. $\xi=-0.4,0.0.4$ $Zj$ . $j=1,2,3$ .
eibull ModeI .ibuIl $\mathrm{M}\mathrm{o}\mathrm{d}\cdot \mathrm{I}$
$\tau$
2. $\xi=-0.4$ $(Z_{1}, Z_{2})$ .
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Gumbel Model Gumbel Modei
$\approx$
3. $\xi=0$ $(Z_{1}, Z_{2})$ .
Frechet Model Frechet Model
$\mathrm{w}$
4. $\xi=0.4$ $(Z_{1}, Z_{2})$ .
3





$\mu+\sigma\{(-\log(1-1/T))^{-\xi}-1\}/\xi$ , $\xi\neq 0$,





$r$ $(X_{1}, X_{2}, \ldots, X_{r})$ Gumbel ,
$\theta=(\mu, \sigma)$ ,
$g(x_{1}, x_{2}, \ldots, x_{r}; \theta)=\frac{1}{\sigma^{r}}\exp[-\sum_{j=1}^{r}(\frac{x_{j}-\mu}{\sigma})-\exp(-\frac{x_{r}-\mu}{\sigma})]$ , (3.2)
$x_{1}\geq x_{2}\geq\cdots\geq x_{r}$ ,





$x_{1}\geq\cdots\geq x_{r}$ , $1+\xi(x_{j}-\mu)/\sigma>0,$ $j=1,$ $\ldots,$ $r$,
.
$x_{1}\geq x_{2}\geq\cdots\geq x_{r}$ $n$ , ,
$\{$
$x_{11}\geq x_{12}\geq\cdots\geq x_{1r}$ ,
$x_{21}\geq x_{22}\geq\cdots\geq x_{2r}$ ,
$x_{i1}\geq x_{i2}\geq\cdots\geq x_{ir}$ ,




$l( \mu, \sigma)=-nr\log\sigma-\sum_{i=1}^{n}[\sum_{j=1}^{r}(\frac{x_{ij}-\mu}{\sigma})+\exp(-\frac{x_{ir}-\mu}{\sigma})]$ , (3.4)
. $\theta=(\mu, \sigma)$ . , :
$\{$
$\frac{\partial}{\partial\mu}l(\mu, \sigma)$ $=$ - $\sum_{i=1}^{n}[-\frac{r}{\sigma}+\frac{1}{\sigma}\exp(-\frac{x_{ir}-\mu}{\sigma})]=0$,
$\frac{\partial}{\partial\sigma}l(\mu, \sigma)$ $=$ $- \frac{nr}{\sigma}+\sum_{i=1}^{n}[\sum_{j=1}^{r}(\frac{x_{ij}-\mu}{\sigma^{2}})-\frac{x_{ir}-\mu}{\sigma^{2}}\exp(-\frac{x_{ir}-\mu}{\sigma})]=0$.
(3.5)
,





, $r$ . ,
$\hat{\mu}_{r}=-\hat{\sigma}_{r}\log[\frac{1}{nr}\sum_{i=1}^{n}\exp(-\frac{x_{ir}}{\hat{\sigma}_{r}})]$ (3.7)
. $\hat{\theta}_{r}=(\hat{\mu}_{r},\hat{\sigma}_{r})$ $r$ $\theta=(\mu, \sigma)$
. $T$-return level $q(T)$ ,
$\hat{q}_{r}(T)=\hat{\mu}_{r}+\hat{\sigma}_{r}\{-\log(-\log(1-1/T))\}$ , (3.8)
. , $\hat{\mu}_{r},\hat{\sigma}_{r},\hat{q}_{r}(T)$ Al
.






, $X_{ij}$ $\mathrm{U}(0,1)$ $U_{ij}$ .
, $r$ .
PP plot : $r$ , $r$ $\hat{\mu}_{r},\hat{\sigma}_{r}$ . , $j$
$\{x_{1j}, x_{2j}, \ldots, x_{nj}\}(j=1,2, \ldots, r)$ $u_{ij}=G_{0,j}((x_{ij}-\hat{\mu}_{r})/\hat{\sigma}_{r}),$ $i=1,2,$ $\ldots,$ $n$
. $u_{ij}$ $u_{(1)j}\geq u_{(2)j}\geq\cdots\geq u(n)j$ ,
$(1- \frac{i}{n+1},$ $u_{(i)j})$ , $i=1,2,$ $\ldots,n$ ,
$r$
$\mathrm{P}\mathrm{P}$ plot . , $r$ $\mathrm{P}\mathrm{P}$ plot $1$
$r$ . (Smith, 1986 . )
, .
QQ plot : $r$ . $j=1$ Gumbel . $j=2,3,$ $\ldots,$ $r$
, $j$ $\{x_{1j}, x_{2j}, \ldots, x_{nj}\}$ $x_{(1)j}\geq x(2)j\geq\cdots\geq x(n)j$ .
$q_{(i)j}=G_{0,j}^{-1}(1-i/(n+1))$ ,
$(x_{(i)j}, q_{(i)j})$ , $i=1,2,$ $\ldots$ , n





, 2 5 .
: $j=1,2,$ $\ldots$ , { $x_{ij}$ $xij+1,$ $i=1,2,$ $\ldots,$ $n$} .
$j(<r)$ $r$ .




$l( \mu, \sigma, \xi)=-nr\log\sigma-.\cdot\sum_{=1}^{n}\{(\frac{1}{\xi}+1)\sum_{j=1}^{r}\log[1+\xi(\dot{.}\frac{x_{j}-\mu}{\sigma})]+[1+\xi(.\cdot\frac{x_{r}-\mu}{\sigma})]^{-1/\xi}\}$ (3.10)
.
$\theta=(\mu, \sigma, \xi)$ . .
, PWM
(Hosking et al., 1985) . $\hat{\theta}_{r}=(\hat{\mu}_{r},\hat{\sigma}_{r},\hat{\xi}_{r})$
$T$-return level $q(T)$ ,
$\hat{q}_{r}(T)=\hat{\mu}_{r}+\hat{\sigma}_{r}\{(-\log(1-1/T))^{-\hat{\xi_{r}}}-1\}/\hat{\xi}_{r}$ (3.11)
. , $\hat{\mu}_{r},\hat{\sigma}_{r},\hat{\xi}_{r\prime}\hat{q}_{r}(T)$ A2 Fisher
.
$r$ : , $r$ $\{(x_{i1}, x_{i2}, \ldots, x_{ir}), i=1,2, \ldots,n\}$ $G_{\xi,12\ldots r}$
$r$ .
GEV , $X_{j}$
$G_{\xi,j}(z)=P \{\frac{X_{j}-\mu}{\sigma}\leq z\}=\sum_{k=0}^{j-1}(1+\xi z)^{-k/\xi}\exp\{-(1+\xi z)^{-1/\xi}\}/k!$
. ,
$U_{ij}=G_{\xi,j}( \frac{X_{ij}-\mu}{\sigma})$ (3.12)
, $X_{\dot{l}j}$ $\mathrm{U}(0,1)$ $U_{ij}$ .
, .
$\mathrm{P}\mathrm{P}$ plot: $r$ , $r$ $\hat{\mu}_{r},\hat{\sigma}_{r},\hat{\xi_{r}}$ . , $j$
$\{x_{1j}, x_{2j}, \ldots, x_{nj}\}(j=1,2, \ldots, r)$
$u_{ij}=G_{\hat{\xi_{r}},j}((x_{ij}-\hat{\mu}_{r})/\hat{\sigma}_{r}),$ $i=1,2,$ $\ldots,$ $n$
. $u_{ij}$ $u_{(1)j}\geq u_{(2)j}\geq\cdots\geq u_{(n)j}$ ,
$(1- \frac{i}{n+1},$ $u_{(:)j})$ , $i=1,2,$ $\ldots,$ $n$ ,
$r$ $\mathrm{P}\mathrm{P}$ plot . , $r$ $\mathrm{P}\mathrm{P}$ plot




QQ plot : $r$ , $r$ $\hat{\xi}_{r}$ . $j$
$\{x_{1j}, x_{2j}, \ldots, x_{nj}\}(j=1,2, \ldots, r)$ $x_{(1)j}\geq x_{(2)j}\geq\cdots\geq x_{(n)j}$
. $q(\text{ }=G_{\hat{\xi}_{r},j}^{-1}(1-i/(n+1))$ ,
$(x_{(i)j}, q_{(i)j})$ , $i=1,2,$ $\ldots$ |n
$r$ $\mathrm{Q}\mathrm{Q}$ plot . , $r$ $\mathrm{Q}\mathrm{Q}$ plot
$r$ .
, 2 5 .
:r. , $r$ , $\hat{\mu}_{r},\hat{\sigma}_{r},\hat{\xi}_{r}$ . $j$
$.\{x_{1j}, x_{2j}, \ldots, x_{nj}\}(j=1,2, \ldots, r-1)$ [ .
$\frac{j}{\hat{\xi}_{r}}\log\frac{\hat{\sigma}_{r}+\hat{\xi}_{r}(x_{1j}-\hat{\mu}_{r})}{\hat{\sigma}_{r}+\hat{\xi_{r}}(x_{ij+1}-\hat{\mu}_{r})}.$ , $i=1,2,$ $\ldots,$ $n$ ,
$r-1$ . $r-1$
$r$ .
, PP QQ $r$
.
4
, Gumbel $r(\geq 2)$
.
. –
GE , $\xi=$. $0$
.
$r$ $T$-return level $q(T)$ .
$q(T)$ $r$ . $\hat{q}_{r}(T)$
, Al (A1.4)
$AV( \hat{q}_{r}(T))=\frac{\sigma^{2}}{n(rC_{r}-B_{r}^{2})}[C_{r}+(g(T))^{2}r+2g(T)B_{r}]$
. , $\hat{q}_{1}(T)$ $\hat{q}_{r}(T)$
$e( \hat{q}_{r}(T),\hat{q}_{1}(T))=\frac{AV(\hat{q}_{1}(T))}{AV(\hat{q}_{r}(T))}=\frac{(rC_{r}-B_{r}^{2})[C_{1}+(g(T))^{2}+2g(T)B_{1}]}{(C_{1}-B_{1}^{2})[C_{r}+(g(T))^{2}r+2g(T)B_{r}]}$ (4.1)
. , $T$ $r$ , $T=1\mathrm{O}\mathrm{O},$ $1,000,10,000,100,000$ $r=2,3,$ $\ldots,$ $10$
$e(\hat{q}_{r}(T),\hat{q}_{1}(T))$ :
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5 , (1 , 2 ), (2 , 3 ) . 0813
0851 .
, Gumbel GEV .




5. (a) ( 1 , 2 ). (b) ( 2 , 3 ).
5.1 Gumbel
, $(r=1)$ Gumbel . , GEV
$\xi$ , $\mathrm{H}_{0}$ : $\xi=0,$ $\mathrm{H}_{1}$ : $\xi\neq 0$ PWM
(Hosking et al., 1985) . $\xi$ $\mathrm{P}\mathrm{W}\mathrm{M}$ $\hat{\xi}=$ -0.191, 1395
$p$ 0.163 .
$r=1,2,3$ $\mu$ $\sigma$ :





$r$ . $\mathrm{Q}\mathrm{Q}$ plot 6 , 7 .
, 2 .









-’ 0 ’ $t$ ’ $-\prime S$ $\triangleleft \mathrm{s}$ $\mathrm{o}s\prime \mathrm{D}$
uQd\’e uQdd $u\cdot u[]$
6. Gumbel $\mathrm{Q}\mathrm{Q}$ plot.




$\epsilon \mathrm{K}\mathrm{m}\mathrm{n}\mathrm{u}\mathrm{d}\mathrm{Q}\mathrm{u}\cdot \mathfrak{n}\mathrm{r}\cdot$. $\mathrm{E}[] \mathrm{K}[] u\mathrm{u}\mathrm{d}\mathrm{Q}_{[][]\prime}\mathfrak{g}.$.
7. Gumbel .
52GEV
, $r=1,2,3$ , :







, $\xi<0$ , Weibull .
$r$





. , 0646 .
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$\mathrm{P}\mathrm{P}$ pIot. 1st 0. S.. $\mathrm{r}=1$ . $\mathrm{P}\mathrm{P}$ plot 1st $\mathrm{O}.\mathrm{S}..\mathrm{r}=2$ . $\mathrm{P}\mathrm{P}$ pIot 2nd $\mathrm{O}.\mathrm{S}..r=\mathit{2}$ .
1 $.\cdot\xi$ $.\cdot\xi$
$0\mathrm{D}\mathrm{o}z$ $0l0$. $0\mathrm{J}$ $’\rho$ or $0A$ $0l0*$ $0\mathrm{J}$ $\prime D$
$\mathrm{u}\mathfrak{g}\mathrm{d}d$ $uu$. $\mathrm{u}\cdot u$
8. GEV 9. GEV ) $\mathrm{P}\mathrm{P}$ plot, $r=2$ .
$\mathrm{P}\mathrm{P}$ plot, $r=1$ .
$\mathrm{P}\mathrm{P}$ p t 1 .. $\mathrm{r}=3$ . pIot $2\mathrm{n}\mathrm{d}\mathrm{O}.\mathrm{S}" \mathrm{r}--3$. $\mathrm{P}\mathrm{P}\mathrm{p}\mathrm{b}\mathrm{t}$ 3rd .. $\mathrm{r}=3$.
I I $.\cdot\xi$
$u_{9}u$ u.d\’e $\mathrm{u}\cdot u$
10. GEV $\mathrm{P}\mathrm{P}$ plot, $r=3$ .
First and Second. $\ulcorner-2$. First and Second. $\ulcorner-3$. Second and Third. $\ulcorner-3$.
$.\xi$ $.\xi$
$\xi$
0 ’ 2 $
$\infty 0\mathfrak{n}u\mathrm{n}[]-$ $\mathrm{E}[][]\prime \mathrm{u}[] \mathrm{Q}\mathrm{u}[] \mathrm{U}\cdot$. $\epsilon[][][] u\mathrm{Q}[[]\prime u\cdot\cdot$
11. GEV , $r=2,$ $r=3$ .
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Al. Gumbel Fisher , Smith (1986)
$n$ $r$ Fisher
$I_{F}( \theta)=\frac{n}{\sigma^{2}}(\begin{array}{ll}r -B_{r}-B_{r} C_{r}\end{array})$ (Al.l)
. , $\theta=(\mu, \sigma)$ ,
$B_{r}=r\psi(r+1)$ , $C_{r}=r\{\psi^{2}(r+1)+\psi’(r+1)+1\}$ . (AL2)
$\frac{\sigma^{2}}{n(rC_{r}-B_{r}^{2})}(\begin{array}{ll}C_{r} B_{r}B_{r} r\end{array})$ (A1.3)
. , $\hat{\theta}_{r}=(\hat{\mu}_{r},\hat{\sigma}_{r})$ .





















, $G(j)=G(j;r, \xi)=\Gamma(r+j\xi+1)/\Gamma(r),$ $j=1,2$ .
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